Ostriches are increasing in number on farms in North America, and a large number of eggs are being hatched in quarantine stations to provide for this industry. 4, 5 Excessive losses of young chicks are not uncommon at these facilities. 16 Enteritis in ostrich chicks has been ascribed to Salmonella and coronavirus infections. 3, 16 A report of infection with Clostridium chauvoei has recently been described in ostriches with neurologic signs, but there are no published accounts of clostridial enteritis in ratites. 9 Clostridial enterotoxemia has been frequently associated with necrotizing enterocolitis in poultry and has been reported in other avian species, including ducks, pheasants, and swans.
2,10 Clostridium perfringens has been the most common agent involved in these cases, and contaminated food, water, or bedding have often been implicated as the source(s) of infection. 2, 10 Clostridial enterotoxemia due to C. difficile is a common cause of acute mortality in Syrian hamster colonies and has been reported in humans, rabbits, guinea pigs, horses, and cattle .
1,6-8,1 1-5 The disease typically affects neonates, geriatrics, or animals with compromised gastrointestinal function and results in profound diarrhea and often death. 7, 8, 12, 14 Clostridium difficile is a normal inhabitant of the gastrointestinal tract of many species of mammals and has been isolated from bird feces; 1 it is the most common pathogenic enteric clostridial organism in humans. 1, 11 Household pets (particularly dogs and cats) can be carriers and an occasional source of infection for human patients. 1, 15 In some parts of Africa, the disease is endemic, and soil contamination has been incriminated as the source.
11 In this report, an outbreak of necrotizing enteritis and acute death is described in a group of 160 captive ostriches (Struthio camelus) in which the etiology was identified as Clostridium difficile enterotoxemia.
A US Department of Agriculture sanctioned quarantine station had an acute outbreak of diarrhea in a flock of 9-dayold ostriches that had been hatched from eggs imported from Africa. After developing diarrhea, the chicks rapidly became moribund. Within 3 days of the onset of clinical signs, all but 7 of the original 160 birds had died. The ostrich chicks were housed in an indoor air-conditioned facility in large corrals with concrete floors and were fed a commercial ratite diet a and powdered alfalfa. The birds were also given a commercial vitamin supplement and sulfamerazine. Multiple fecal examinations were negative for parasites and protozoa. Hematologic and serum biochemical values were within ex-petted normal ranges. Seven of the expired birds were necropsied immediately after death. Two live ostriches with clinical signs were euthanized, and tissues were obtained for histopathology, bacterial culture, and viral isolation. At necropsy, all of the ostriches examined had similar gross lesions that differed only in severity. The colon and cecum were markedly dilated and diffusely hemorrhagic and contained no formed feces. The lungs were variably congested, and the liver was frequently pale yellow in color. Two of the birds had hemorrhagic foci in the proventriculus. No other significant gross lesions were observed in any of the birds. Microscopic examination of the tissues revealed an acute, severe, necrotizing typhlitis and colitis in all birds, with massive numbers of large gram-positive bacilli present within glands and in the intestinal lumen (Figs. 1, 2). There was moderate, diffuse hepatocellular vacuolar change in 6 birds and multifocal lymphoid necrosis in the bursa of Fabricius of 2 of the ostriches. No viral inclusions were noted. Moderate to severe congestion was present in the lungs of 7 of 9 birds. Two of the birds had a mild necrotizing proventriculitis with mild hemorrhage.
Sections of the intestine were submitted for aerobic and anaerobic culture. Enrichment for Salmonella in selenite broth for 12 hours yielded negative results, and no clinically significant aerobic pathogenic bacteria were found. Two different species of Clostridium were anaerobically cultured from the intestine. They were tentatively identified as C. hastiforme and C. clostridiiforme by API 20A biochemical assay. After isolation and subculture of the original cultures in cycloserine-cefoxitin-fructose agar and additional biochemical analysis by An-IDENT biochemical assay, b the C. hastiforme culture was shown to be C. difficile. The API-20A biochemical assay was then repeated on the pure culture, and it too indicated the presence of C. difficile. The intestine was submitted for clostridial enterotoxin assay c by enzyme-linked immunosorbent assay (ELISA). Extracts of multiple sections of large intestine from the euthanized birds were strongly positive for C. difficile enterotoxin. When this assay was utilized on cultures of the 2 isolated anaerobic bacteria, the C. difficile culture was strongly positive, and the C. clostridiiforme culture was negative.
Frozen specimens of spleen, liver, brain, bursa, kidney, and small and large intestine were also collected from the 2 euthanized birds for virus isolation. A 10% organ suspension in brain-heart infusion broth was prepared for each organ and filtered to remove contaminating bacteria. Each organ filtrate was inoculated into confluent monolayers of chick embryo fibroblasts and a quail tumor cell line (QT-35). The monolayers were observed, and the cell culture medium was removed and replenished 12 hours postinoculation. The cell cultures were observed daily for 5 days then subcultured by trypsinization. The supernatant cell culture medium was inoculated into new confluent monolayers and monitored for cytopathic effects. Organ filtrates were also inoculated into 6 2-day-old White Leghorn chicks, challenged either orally (3 chicks) or subcutaneously (3 chicks) with 0.5 ml of an inoculum pool. The inoculated chicks were brooded with 4 control chicks.
A profound toxic effect noted in the primary inoculated cell cultures by 12 hours postinoculation decreased in secondarily inoculated cell cultures and was no longer detectable in the third serial passage. Subpassage of primary inoculated cells resulted in few viable cells present initially, but these eventually reconstituted a confluent monolayer in QT-35 cells. Reconstitution did not occur with the chick embryo fibroblasts. However, subinoculation of fibroblast cell cultures with supernatant cell culture fluids did not reveal cytopathic changes attributable to viruses, so the changes were considered strictly toxic in character. No differences were noted in the attitude, appetite, or vigor of the inoculated versus the control chicks over a 2-week observation period. On the basis of the presence of bacteria morphologically compatible with clostridia in fresh tissue, the presence of histologic lesions compatible with clostridial disease, positive anaerobic culture and biochemical identification, positive clostridial enterotoxin assay, and cytopathic effect of tissues on cultured cells without evidence of an associated virus, a diagnosis of clostridial enterotoxemia was made.
The use of the ELISA enterotoxin assay and the biochemical identification of C. difficile is an effective method of diagnosis.
6,7 The C. difficile enterotoxin consists of two cytotoxins-and B. Toxin A, an enterotoxin, causes detachment of intestinal epithelial cells from the basement membrane in rabbits and fluid accumulation in the large intestines of rabbits and hamsters.
7 Toxin B is a cytotoxin that is 1,000 times more cytotoxic to cell cultures than toxin A but in the intestine requires the the action of toxin A or tissue injury to produce a lethal effect.
6 , 7 Both of these polypeptides are recognized by the enterotoxin assay, and cross-reactivity is limited to C. sordelli, which shares 1 of the toxins.
14 The original incorrect biochemical identification of the anaerobic isolate as C. hastiforme may have been due to laboratory error or inherent lack of sensitivity of the test kit. However, once repeated on pure culture, the API-20A assay gave results consistent with the other biochemical assay and the ELISA enterotoxin assay. Therefore, the error probably arose from the presence of a mixed culture; the original C. difficile culture was contaminated with 2 gram-positive aerobes and another clostridial species. It is often difficult to culture C. difficile (hence its name) because it grows slowly and is readily overgrown by other bacteria. 7 The use of selective media such as cycloserine-cefoxitin-fructose agar can alleviate this problem. 6, 7 The source of the infection in this case was not determined, but C. difficile probably is a normal inhabitant of the ostrich gastrointestinal tract that overgrew. In other species, this often occurs in stressed neonates or in animals given antibiotics. 7, 11, 13 The addition of the sulfamerazine to the feed may have been a contributing factor in the onset of clinical signs. Although results of the viral isolation procedures were negative, an underlying viral etiology cannot be totally ruled out until more information is known about ratite viruses and viral serology.
Since the original outbreak at this quarantine station, 300 birds from a subsequent hatching were also affected by an epidemic of necrotic enteritis with symptoms identical to those described here. However, recent changes in management, including stress reduction, the addition of roughage to the diet, exposure to adult gastrointestinal microflora, and the replacement of the sulfamerazine with oral penicillin, have reduced the mortality by approximately 50%. Permanent institution of these measures (prior to clinical signs) could prevent or greatly reduce mortality in future outbreaks. Clostridium difficile enterotoxemia may be a common problem in captive ostrich chicks, and the utilization of early diagnosis by selective culture, biochemical identification, and ELISA enterotoxin assay may limit the potential for severe mortality.
Bacterial septicemia and airsacculitis in ducks are major disease problems, resulting in substantial economic losses due to high mortality and condemnations.
14 The causative agents of septicemia and airsacculitis include Salmonella spp., Escherichia coli, staphylococci, and Pasteurella SPP. 4, 13, 14 Antimicrobial therapy is an important tool in reducing both the incidence and mortality associated with these diseases. 4, 13, 14 Although a variety of antimicrobials have been used to treat septicemia and airsacculitis in poultry, a paucity of inforFrom Animal Health Discovery Research, The Upjohn Company, Kalamazoo, MI 49001 (Watts, Salmon, Yancey), and Maple Leaf Farms, Milford, IN 46542 (Nersessian, Kounev) .
Received for publication November 3, 1992. mation exists on the minimum inhibitory concentrations (MICs) of organisms isolated from septicemia and airsacculitis in ducks.
14 Ceftiofur is an extended-spectrum cephalosporin with good activity against the gram-negative enteric pathogens and moderate activity against Staphylococcus aureus.
15 Ceftiofur has been approved for use in the treatment of bovine respiratory disease since 1988 and has been recently approved for swine respiratory disease and early chick mortality. However, no data are available on the activity of ceftiofur against bacteria isolated from septicemia and airsacculitis in ducks. The purpose of this study was to determine the MICs of bacteria isolated from septicemia and airsacculitis in ducks for ceftiofur and 7 comparator antimicrobials.
